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The effect of dopa, cysteine, and glutathione on 5-S-
cysteinyldopa (5-S-CD) genesis in melanoma cells cul-
tured in normal and tyrosine- and cysteine-free media 
has been studied. In normal media only melanotic mel-
anoma cells have been found to secrete 5-S-CD into the 
medium. In the presence of dopa and cysteine, both, 
media incubated with and without cells have been found 
to produce 5-S-CD. In the presence of dopa and glutathi-
one, however, cell-free media did not show the presence 
of 5-S-CD. In contrast melanoma cell-cultured media has 
been found to contain large quantities of this amino acid. 
The optimum condition for maximum production of 5-S-
CD via glutathione-dependent pathway has been found 
to be at the dopa concentration of 10-5 M when glutathi-
one is present at the concentration of 10- 5 M in the 
culture medium. Thus dopa concentration with regards 
to glutathione is 1:1 on the molar basis which is twice 
the dopa concentration required in in vitro noncellular 
tyrosinase system. It is suggested that higher dopa re-
quirement in our melanoma cell culture system reflects 
the co-existence of eu- and pheomelanin synthesis taking 
place according to their genetically predetermined pro-
portions. 
Recent advances in the chemistry of melanogenesis have 
revealed molecular mechanisms governing the fate of dopaqui-
none towards formation of eumelanin and the lately much 
clarified pheomelanin via cysteinyldopas (Cys-dopas) [1]. Of 
these Cys-dopas, 5-S-cysteinyldopa (5-S-CD) has been shown 
to be the major intermediate by Prota and his associates [2]. 
Parallel to these chemical investigations this amino acid has 
been shown to be present in substantial amounts in the mela-
nomas of Caucasia11s [3) and Negroes [4]. Rorsman and his 
group further showed that 5-S-CD is excreted in large quantities 
in the urine of melanoma patients [5]. In 1979, we reported that 
melanomas and the urine of melanoma patients of Mongoloid 
origin also contain substantial amounts of 5-S-CD [6]. In con-
trast nonpigment cell tumors were found to be lacking in this 
amino acid. 
However, both animal and human melanomas manifest sig-
nificant variations in their 5-S-CD content. Similarly, healthy 
normal subjects and melanoma patients show significant indi-
vidual and seasonal variations in the excretion of this amino 
acid [7,8]. These variations may be due to the complex meta-
bolic factors involved in the maintenance of a whole biological 
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being as well as melanoma cells themselves. In this paper, our 
studies on the regulatory factors-substrates or chemicals in-
volved in 5-S-CD genesis in melanoma cells cultured away from 
such intricate biological influences are reported. 
MATERIALS AND METHODS 
The following cell lines maintained in our laboratories were used for 
the study: 
1. B-16 CB, a mouse melanot ic melanoma cell line, 
2. B-16 C2W, amelanotic deriva tive of B-16 CB, 
3. Greene's melanotic melanoma of the hamster, and 
4. NH2KO, fibroblasts from normal skin. 
Normal Media 
The cells were cultured in Eagle's mmunum essential medium 
(MEM) supplemented with 10% fetal calf serum (FCS) for 4-7 days at 
37°C under 5% C02. The medium was then collected in the presence of 
0.2 ml 1% sodium metabisulfite and 0.2 ml acetic ac id and assayed for 
5-S-CD [9). The cells were s imultan eously trypsin ized a nd counted. 
Experimental Media 
Eagle's MEM, along with other constituents a lso conta ins 2 amino 
acids, tyrosine (36 mg/l) and cystine (24 mg/ 1) that are involved in the 
synthesis of melanin. The dopa-loading experiments were therefore 
carried out in tyrosine and cystine free media. The exact composition 
of this experimental media is the same as Eagle's MEM except for the 
absence of tyrosine and cystine. Also in these experiments the concen-
tration of FCS was reduced to only 1% in order to minimise unknown 
factors affecting 5-S-CD genesis. The cells origina lly cultured in MEM 
+ 10% FCS for 3-4 days were rinsed and recultured in duplicate sets in 
experimental media in the presence of known quantities of dopa and 
glutathione or cysteine. After an incubation period of20 hr the mediwn 
was collected and the cells counted as mentioned above. 
a. Glutathione-Dependent 5-S -CD Genesis 
Preliminary experiments had revealed that dopa 10- 0 M and glu ta. 
thione 10-5 M appear to be appropriate conditions for 5-S-CD genesis 
in cultured melanoma cells. Therefore in dopa- loading experiments the 
glutathione concentrations were kept constant at 10- 5 M while dopa 
concentrations were varied from 0 to 10- 4 M . Experiments in reversed 
conditions, i. e., keeping dopa constant at 10-o M and changing glu tathi· 
one concentrations were a lso carried out. 
b. Cysteine-Dependent 5-S·CD Genesis 
The experiments were similar to those mentioned in (a) except that 
glutathione was replaced by cysteine. 
c. Controls 
In every case media similarly incubated, but without cells served as 
controls. 
Extraction and A ssay Procedures 
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5-S-CD from the medium was eluted after AlzO" adsorption according 
to th e technique of Anton and Sayre [10] and assayed by the spect.ro-
fluorometric method ofRorsman, Rosengren, and Rosengren [11]. Pure 
5-S-CD for standardisation was generously provided by Prof. H. Rors-
man, Lund, Sweden. 
RESULTS 
Normal Media 
Table I gives the levels of 5-S-CD found in the medium of 
different cell lines cultured in MEM + 10% FCS. The medium 
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in which the melanotic melanoma cells were cultured were 
found to contain various amounts of 5-S-CD. In contrast, the 
medium in which amelanotic melanoma and nonpigment cells 
were cultured did not contain 5-S-CD. The results indicate that 
only melanin producing cells produce this amino acid. 
Experimental Media 
Dopa, cysteine, and glutathione when added individually did 
not raise the amount of 5-S-CD in the medium of cultured 
melanoma cells. However, when dopa and either of the thiols 
were added together, significant differences in their responses 
to 5-S-CD production were observed. 
a. Dopa and glutathione: In the presence of these 2 com-
pounds, melanoma cells were found to secrete large quantities 
of 5-S-CD into their medium. Media incubated similarly with 
dopa and glutathione, but without cells did not show the 
presence of this amino acid. Fig 1 (a) shows dopa concentration 
dependent 5-S-CD production in the presence of 10- 5 M gluta-
thione and Fig 1 (b) shows glutathione dose response in the 
presence of 10- 5 M dopa by B-16 CB cells. At the concentrations 
used, dopa or glutathione was not found to be toxic as revealed 
by cell counts. 
b. Dopa and cysteine: When dopa and cysteine were used in 
our cell culture medium, both cell-free and cell-cultured media 
were found to produce large quantities of 5-S~CD. Table II 
gives the details of such 5-S-CD production in tyrosine- and 
cystine-free Eagle's MEM in t he presence of dopa and cystine. 
Cell Number Dependent 5-S-CD Production 
At the concentration 10- 5 M of dopa and 10- 5 M glutathione 
the amount of 5-S-CD secreted into the medium has been found 
to depend on the number of melanoma cells seeded into the 
medium (Fig 2) . These results indicate that in the presence of 
dopa and glutathione, production and secretion of 5-S-CD are 
carried out by viable melanoma cells. 
TABLE I. The levels of 5-S·cysteinyldopa released by various types 
of cells cultured in Eagle's MEM + 10% FCS" 
Cell line 
B -16 CB 
Greene's Mm 
B-16 C zW 
NH2KO 
l'g 5-S·CD/total medium 
0.86 
1.18 
0.0 
0.0 
No. of days of incubation 
7 
4 
7 
7 
" MEM contains 36 mg of tyrosine and 24 mg of cystine per litre. 
Dopa and glutathione are not present in normal MEM. 
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DISCUSSION 
Despite much clarification of 5-S-CD genesis in defmed 
chemical systems (1,2 and Fig 3) and on urinary excretion of 5-
S-CD [3-6], there has been little work reported about the 
substances modulating 5-S-CD genesis in melanogenically ac-
tive pigment cell systems. 
TABLE II. Comparison between melanoma cell·containin.g and cell· 
free 5·S:cysteinyldopa production in the presence of dopa. and 
cysteine" 
l'g 5-S-CD formed 
Dopa,J.tg Cysteine. l'g Cell-containing Cell-free 
10 2.5 1.34 0.0 
10 5.0 1.34 1.28 
10 10.0 7.00 5.67 
10 20.0 3.36 3.17 
10 40.0 1.73 1.67 
" T he medium used is tyrosine and cystine free Eagle's MEM + 1% 
FCS. The incubation time is 5 min. 
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FIG 2. In the presence of equimolar concentrations of dopa and 
glutathione the amount of 5-S-CD released into the medium has been 
found to be proportional to the number of cells seeded into the flask. 
The culture conditions were identical to those mentioned in Fig 1. 
0 i 0-8 10- 7 I0-6 10- 5 ID- 4 10-3 
GLUTATH IONE CONCENTRATI ON ( M ) 
FIG 1. The levels of 5-S-CD secreted into the medium (6 ml) by B-16 CB melanoma cells in response to dopa and glutathione concentrations. 
The cells were cu ltmed in tyrosine- and cystine-free Eagle's MEM supplemented with only 1% FCS. The maximum amount of 5-S-CD production 
has been found to occw· when equ imolru· concentrations of dopa and glutathione ru·e present. M.W. of 5-S-CD; 337. 39. 
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FIG 3. Current views of dopaquinone- and Cys-dopa-genesis during 
eu- and pheomelanin formation revealed by noncellular and cellular 
tyrosinase in vitro systems. 
In contrast to in vitro chemical systems of Prota (2], where 
tyrosinase was necessary to produce 5-S-CD from dopa and 
cysteine at pH 6.8, in our culture medium this amino acid has 
been found to be formed from dopa and cysteine even in the 
absence of tyrosinase and tyrosinase-containing melanoma cells 
(Table II). This would indicate that 5-S-CD can be nonenzy-
matically formed by the nucleophillic addition of cysteine to 
dopaquinone which is produced by the auto-oxidation of dopa 
at the pH required to maintain the cells. 
A similar in vitro chemical system has been used by Rorsman, 
Rosengren, and Rosengren to produce glutatione-dopa and not 
cysteinyldopa from dopa and glutathione (12]. Differing from 
these noncellular tyrosinase systems however, in our viable 
pigment cell system, the addition of dopa and glutathione leads 
to the secretion of large amounts of 5-S-CD (Fig 1 and 2). It is 
therefore apparent that glutathione-dopas formed by the tyro-
sinase catalyzed reaction are further converted to Cys-dopas 
within melanoma cells in vitro. This is in agreement with 
Rorsman and his group's recent fmdings that homogenates of 
melanoma as well as kidney can bring about this metabolic 
conversion [13]. 
In defined chemical systems, optimum conditions for the 5-
S-CD yield is reported to be at the initial concentration ratio of 
dopa:thiols = 1:2 on the molar basis [2]. In contrast to this, in 
our present in vitro melanoma cell experimental condition, 
optimum yield of 5-S-CD has been found to be when t he initial 
molar ratio of dopa:glutathione is 1:1. This finding of higher 
concentrations . of dopa requirement for producing optimum 
conditions for 5-S-CD yield in our cell culture system seems to 
indicate the possibility that, both eumelanogenesis involving 
the conversion of dopa to dopa-chrome and pheomelanogenesis 
involving the conversion of dopa to Cys-dopa are taking place 
simultaneously within these cells (Fig 3). 
When greater than 1:1 molar ratio of dopa is loaded into the 
glutathione-dependent 5-S-CD production in t he present mel-
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anoma cell cultured system, an acute drop in 5-S-CD yield has 
been found (Fig 1). In a recent study using tyrosine instead of 
dopa Rorsman, Rosengren and Agrup [14) have shown th at 
when dopa is still being formed from tyrosine by tyrosinase 
after the conversion of all cysteine to Cys-dopa, 5-S-CD rapidly 
disappears being converted to monocysteinyldopaquinones. 
The acute drop in 5-S-CD levels observed in our tissue cultw-e 
medium when dopa:thiol ratio is 2:1 suggests that a similar 
mechanism is also involved within cells. 
This finding led us to investigate further the dynamics of 
glutathione-dependent 5-S-CD genesis in viable melanoma cells 
by modulating the levels of exogenous glutathione. As shown in 
Fig 1 (b) , it has been found that when glu tathione concentra-
tions are more than 1:1 with regards t o the dopa concentration 
there is a fall in the levels of 5-S-CD. Agrup et al [13] reported 
that at the concentration of 3 X 10- 2 M, gluta thione inhibits 
completely the conversion of glutathione-dopa to Cys-dopa by 
dialyzed homogenates of melanoma and kidney in vitro . It h as 
therefore become apparent that the enzymes such as y-glutamyl 
transferase involved in the catabolism of glutathione are re-
sponsible for the splitting of glutathione-dopa to Cys-dopa also 
in viable melanoma cells. 
The above evidence would indicate that 5-S-CD formation 
observed in in vitro bio-mirnetic chemical systems is represent-
ing the metabolic pathways actually occuring within viable 
pigment cells. Further, the results also suggest that the regu-
latory mechanisms involved in t he production of eu- and pheo-
melanin according to their genetically predetermined propor-
tions and the switching over from eu- to pheomelanogenesis 
that occurs within hair bulb melanocytes of agouti mice may 
largely be due to the availability of free sulfydryl compounds 
within the melanocytes. The mech anisms for these however, 
require further investigations. 
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